Rare earth and trace elemental compositions of sediment samples collected from the bed of the River Gora in the Minna area of north-central Nigeria were determined with X-Ray Fluorescence spectrometry. Statistical analyses of the results indicate that spatial variations of La, Ce, Nd, Sc, Y, Eu, Mo, Zr, Pb, and Co and the Pearson positive correlation of La/Yb, Ce/Ce*, Eu/Eu*, LREE/HREE in addition to the normalized Chondrite plot of the rare earth elements area revealed a possible environment high erosivity, terrigenous fluviatile sediment sources and lithologically controlled distribution from crystalline Basement source rock. This is further supported by the positive Eu/Eu* anomaly that is indicative of subdued anthropogenic influence. The Ce/Ce* positive anomaly also revealed a two-component system of fine-and coarse-grained terrigenous input. Principal component analysis using rotation solution revealed three sources that are possibly responsible for the distribution of REEs and trace elements. The analyses have also been interpreted to show that HREE, Rb, Zr, Y and Nb were derived from geogenic source resulting from weathering, while Cr, Co, Ni and Zn also came from geogenic source via adsorption by clay minerals in the stream sediments. On the other hand, LREE, REE, Ni, V and Cr were interpreted to be from lithogenic source, while Zn, Pb and As came from both lithogenic and anthropogenic sources.
Introduction
REEs and trace elements share certain unique physico-chemical properties that render them useful for near surface environment geochemical studies. It has been established that REEs in terrigenous sediments are exceptionally unreactive, thus making them very useful for provenance studies. Sediments, especially in rivers are sources of transportation and sinks for REEs and trace elements (McLennan, 1989) . The fractionation of REEs and trace elements takes place in solid state phase. In this paper, information from REEs and trace elements distribution will be used to decipher the prevailing physico-chemical conditions and probable source rocks of the sediments of the River Gora. The main aim of this study is to investigate the distribution of rare earth and trace elements in river sediments with respect to their provenance. To achieve this, twenty-four locations were sampled and composited into twelve samples for laboratory analysis. In addition to determining the provenance of the rare earth and trace elements, this study will contribute to a better understanding of the geology of the region as well as serve as an important input to the review of the published geological map of the Minna area.
Description of Area of Study
The study area lies between latitude 9 0 33 ' N and 9 0 34 ' N and longitude 6 0 34 ' E and 6 0 35 ' E in Minna area of north-central Nigeria. Accessibility to the sampling locations is via Chanchaga-Tegina road, minor roads, footpaths and the river channel (Fig. 1) . The area is typical "guinea woodland savannah" (Iloeje, 1991) which consists of tall grasses, shrub and scattered trees with denser tree cover along drainage channels. Cotton and sugar cane plantations are predominant in this area of undulating and rolling high hills and valleys. The highest elevation within the area is about 240 meters above mean sea level. The area is drained principally by River Gora and other minor ephemeral streams. 
Geology of Study Area
The study area is underlain by the Precambrian Basement Complex of north-central Nigeria. The Basement Complex is one of the three major litho-stratigraphic components of the geology of Nigeria. The Nigerian Basement Complex forms a part of the Pan-African mobile belt and lies between the West African and Congo cratons and the Tuareg shield (Black, 1980; Grant et al., 1969) . It is intruded by the Mesozoic calc-alkaline ring complexes (Younger Granites) of the Jos Plateau and unconformably overlain by Cretaceous to Recent sediments. The Nigerian Basement Complex was affected by the Pan-African (600 ± 150 Ma) orogeny and occupies the reactivated region which resulted from plate collision between the passive continental margin of the West African craton and the active Pharusian continental margin (Burke and Dewey, 1972) . The Basement rocks are believed to be the results of at least four major orogenic cycles of deformation, metamorphism and remobilization corresponding to the Liberian (2,800 ± 200 Ma), the Eburnean (2,000 ± 200 Ma), the Kibaran (1,100 ± 200 Ma), and the Pan-African cycles (600 ± 150 Ma). The first three cycles were characterized by intense deformation and isoclinals folding accompanied by regional metamorphism, which was further followed by extensive migmatization. The Pan-African deformation was accompanied by regional syntectonic granites and gneisses. Late tectonic emplacement of granites and granodiorites and associated contact metamorphism accompanied the end stages of this last deformation. The end of the orogeny was marked by faulting and fracturing (Gandu et al., 1986) . Within the Basement Complex of Nigeria, four major units are distinguishable, namely: migmatite-gneiss-quartzite complex, schist belts, Pan-African granitoids, and undeformed acid and basic dykes (Dada, 2006) . The dominant lithologic units in River Gora area are schist and coarse porphyritic biotite granite also called Older Granite. Several quartz veins cross-cut the schists in the area.
Methods
The work was accomplished through both field and laboratory techniques of sampling, sample preparation and analysis. The fieldwork involved the collection of stream sediments. Twenty-four stream sediment samples were taken at depths of 30-50 cm in the river bed. Sample preparation via dry sieving was carried out in the Department of Geology Laboratory of the Delta State University, Abraka, south-southern Nigeria. 10 g from 63 µm fractions of each sample were taken to the National Geochemical Laboratory of the Nigerian Geological Survey Agency in Kaduna, north-western Nigeria for X-Ray Fluorescence spectrometric (XRF) analysis.
The twenty-four stream sediment samples were composited into twelve and crushed to less than 63 microns with the aid of a Tema vibrating mill before sieving to 60 µm. 5 grams of the dry sample was weighed in the silica crucible and then ignited in the furnace at 1,000 0 C for 2 to 3 hours for the calcination of impurities in the sample powder. Thereafter, samples were removed from the furnace and allowed to cool to room temperature in desiccators. Each ignited sample powder was weighed again to determine the weight of calcinated impurities which were H 2 O -, H 2 0 + and CO 2 . 1 gram of stored ignited sample powder and exactly 5 times of flux (x-ray flux-type) 66%:34% (66% lithium tetraborate: 34% lithium metaborate) was added to lower the vitrification temperature. The weighed mixture was properly mixed in a Platinum dish and ignited in the pre-set furnace (Eggon-2 Automatic Fuse Bead Maker) at 1,500 0 C for 10 minutes to form glass bead. Each glass bead was labeled and slotted into the computerized XRF (Epsilon-5 Panalytical model). The REEs and trace elemental analysis was carried out using compressed powder pellets. The pellets were prepared by weighing 3 grams of oven-dried samples and 3 grams flux (cellulose-powder) added as a binder and dispersive agent and shaken in small plastic containers for 12 minutes. The appropriately blended mixture was then compressed by applying pressure of 1,500 kgm -2 using both manual and electronic compressors. The pellets were placed in the computer programmed X-Ray Fluorescence spectrometer (XRF) and the conditions for trace elemental analysis were set to give the result in part per million (ppm). Table 1 displays the rare earth elements (REEs) concentrations in the samples, while Table 2 shows CI-Chondrite concentrations given by McLennan (1989) and Barat et al. (2012) . Table 3 shows the Chondrite normalized values, while Table 4 shows calculated total concentrations of the REE and some REE ratios. Table 1 (Table 1, Figs. 2-4). According to Ramesh et al. (2000) , enrichment of REEs reflects the intense silicate weathering of crustal materials and their subsequent deposition in stream sediments. The ∑(LREE)n/∑(HREE)n ratios vary from 0.08 to 0.34 with mean ratio of 0.18 (Table 4) . (La/Yb)n ratios range from 0.56 to 3.38 with mean ratio of 2.01 (Table 4 , Fig. 3 ) and that indicates high erosional rates. The result suggests that La was removed from crustal source via weathering process, transported and deposited by the streams. Physical weathering is predominant in fine-grained sediments, thus it may be inferred that REEs intense fractionation took place in River Gora (Ramesh et al., 2000) . The low ratio of La/Yb in location GRS7 suggests the presence of coarse-grained sediments with reference to the findings of McLennan (1988) . The high concentration of HREE and La/Yb indicates crystalline Basement source rocks for the samples. The negative correlation of Y with REEs indicates its absence in detrital association.
Results and Discussion

Rare Earth Elements
The ratios of Ce/Ce* and Eu/Eu* and their patterns are given in Table 4 (Piper, 1974) . Variation in Ce anomalies is indicative of terrigenous input, depositional environment and diagenetic conditions. Ce/Ce* > 1 and < 1 designate positive and negative anomalies, respectively (Toyoda et al., 1990) . Ce/Ce* ratio range of 5.01 to 32.58 with mean ratio of 17.96 confirmed abundant terrigenous input in an alkaline reducing environment. On the other hand, negative Ce/Ce* is indicative of oxic environment in a river with input of terrigenous clay and coarser grains. 2015 The high REEs concentration in the study area revealed probability of an alkaline and low carbonate content environment (Ramesh et al. 2000) that favored immobility and resultant enrichment of the REEs. Gao et al. (1975) ; B: McLennan (1985, 1995) ; C: Wedepohl (1995) ; D: Rudnick and Gao (2003) .
Trace Elements
The average concentrations of V, Cu, Mo and Zr are above their average crustal values, while the average concentrations of Cr, Ni, Zn, As, Sr, Rb, Pb and Co are less than their average upper continental crustal values (Table 5) . On the other hand, the average concentration of Nb is approximate to its average crustal value. The reason for the average concentration differences with the average crustal values is probably due to intense weathering of the Pan-African granitoids in the study area, which had been reported by Key et al. (2012) 2015 major factor for the enrichment of Zr in the Minna area of north-central Nigeria. Fig. 6 shows spatial concentration patterns of rare earth and trace elements in the study area. The spatial distribution of the trace elements in the study area is shown in Fig. 7 . V, Cr, Ni, Cu, Zn, As, Mo, Rb, Co and Nb have low distribution pattern in comparison to Sr, Zr, ∑(HREE)n and ∑(REE)n (Fig. 6 ).
The alkaline condition and predominance of fine-grained size particles provide larger surface area rich in organic and hydroxide coatings of the stream sediments contributed to the transportation and subsequent deposition of the trace elements (Ramesh et al., 2000) . The variation in concentration patterns of the trace elements from downstream to upstream suggested probability of geogenic, lithogenic and anthropogenic impact.
Multivariate Statistics
To study the elemental association and factors responsible for their distribution patterns, multivariate statistics involving Pearson correlation of Y, ∑LREE, ∑HREE, ∑REE, V, Cr, Ni, Cu, Zn, As, Sr, Mo, Rb, Pb, Co, Nb and Zr was done. The correlation matrix for rare earth and trace elements in the study area is given in Table 6 . Y has negative correlation with REE, LREE, V, Cr, Ni, Zn, Pb but positively correlated with HREE, Sr, Co, Rb, Nb and Zr. Zn is positively correlated with REE, LREE, HREE, Co, As, Nb, V, Cr and Ni. REE is positively correlated with V, Cr, Ni, Co, Zn, As and Nb. HREE has positive correlation with Y, V, Zn, Sr, Co, Rb, Nb, Zr, REE and LREE but negatively with Cr, Ni, Co, As and Pb.
Factor analysis was carried out to group and identify parameters relating the association of REEs and trace elements distribution in the study area. Five factors were initially extracted based on Eigenvalues > 1 but using scree plot, three component factors were finally extracted at 68.52% of the population variance. The principal component analysis using rotation solution revealed three sources for the distribution of REEs and trace elements in the study area. The findings from this study will contribute to better understanding of the regional geology and the review of the published map of Minna area in which the occurrence of schist outcrop in the bed and banks of River Gora was not previously captured. 
